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1: Rotafing coordinate system.
Navier-Stokes ,
$u=0$, (1)
$\frac{\partial u}{\partial t}=-$ $P+$ –$Rel\triangle u+(u\mathrm{x}(\omega+2\Omega k))$ , (2)
. , $Re=U_{0}h/\nu$ $P$ , $P=p+ \frac{1}{2}u^{2}-$
$\frac{1}{2}(\Omega k\mathrm{x}x)^{2}$ . , $p$ , $\Omega=\tilde{\zeta}lh/U_{0}$ ,
.
, ( ) .
$u=\overline{u}$ $+\text{\^{u}}=$ ( $U$ (y), 0, $0$ ) $+(\hat{u}, v\hat, \text{\^{u}})$ ,
$\omega=\overline{\omega}$ $\hat{\omega}=$ ( $0,$ $0,$ $-\partial U$ (y)/\partial y)+( x’. $\hat{\omega}_{y}$ , $\hat{\omega}_{Z}$ ),
$\}$ (3)
, $U(y)=1-y^{2}$ $x$ ,
$z$ $\overline{\omega}_{z}=$ -\partial U(\emptyset / y .
$(y=\mathrm{A}1)$ , , $x,$ $z$














$/)=\cos$( $l\mathrm{a}$rccos $y$ ) $l$ , $\alpha$ $\beta$ , , $x$ .
, $L_{x}=2\pi/\alpha,$ $L,$ $=2\pi/\beta$ . ,
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, Finl.ay6
$(\alpha, \beta)=(1,2)$ ((Lx’ $L_{z})=(2\pi,$ $\pi$ )) . ,
, $(\alpha, \beta)=(1,3/4),$ $(1,1)$ ( (Lx’ $L_{z}$ ) $=$
$(2\pi, 1.5\pi),$ $(2\pi, 2\pi))$ , $z$ . $(\alpha, \beta)=(1,2)$
, $(M, N, L)=(8,16,16)$ , $(\alpha, \beta)=(1,3/4),$ $(1,1)$ ,
$(M, N, L)=(8,32,16)$ . ,
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, $Re=400$ , 3 ,
$Q=-\nabla\cdot$ $\{\Subset\nabla)u\}$ , , $\omega_{x}$
, $\omega_{x}$ $Q$ $2\Omega(u\cross k)$
$\sigma Q$ ,
.
$3(\mathrm{a})$ $3(\mathrm{b})$ 2 .
, $\omega_{x}$ . $3(\mathrm{c})$ $3(\mathrm{d})$ , 2 2
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$Re$
2: Distribution of various types of the solutions. ( $\cross$ : basic, $\mathrm{O}$ : steady, $\mathrm{O}$ : traveling
wave, ${ }$ : chaotic (region bounded by $\mathrm{a}$ solid line), $\square :2\mathrm{D}$ periodic, $\blacksquare:3\mathrm{D}$ periodic, $\nabla$ :
$2\mathrm{D}$ , : $3\mathrm{D}$ )
4 . , 2 4 2 ,
$z$ $L_{z}/4$ . 4
4 . $\mathrm{T}\mathrm{o}\mathrm{h}$ and
Itano’ , . $3(\mathrm{e})$
, .
,
. 3 4 ,
$E_{1\mathrm{D}},$ $E_{2\mathrm{D}}$ , E3 $E$ . $E_{1\mathrm{D}}$ $m=n=0$
, E2 $m=0,$ $n$ \neq 0 , , E3 $m\neq 0$ .
, $E_{3\mathrm{D}}=0$ , $x$ 2
2 , , 4





$\#$u, $v,$ $-w$] $(x+L_{x}/2, y, -(z-z_{s}))$ , (6)








3: Some typical vortical structures visualized by the $\mathrm{i}\mathrm{s}\mathrm{o}$-surfaces of the positive value
of $Q$ . $(\mathrm{a}):2\mathrm{D}$ steady solution $(\Omega=1/160),$ (b): $\mathrm{T}\mathrm{W}$ solution $(\Omega=1/30),$ (c)and(d): $2\mathrm{D}$
periodic solution $(\Omega=1/90),$ $(\mathrm{e})$ : chaotic solution $(\Omega=1/4)$ .
4: Correlation diagram of the decomposed mean kinetic energy. (a): $2\mathrm{D}$ steady solution
$(\Omega=1/160)$ and $2\mathrm{D}$ periodic solution $(\Omega=1/90),$ $(\mathrm{b})$ : TW solution $(\Omega=1/30)$ and chaotic
solution $(\Omega=1/4)$ .
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$040.\cdot \mathrm{J}1(u)-\rfloor^{1}\mathfrak{l}\wedge-\mathrm{J}|-|$ $( \mathrm{b})..+|-\frac{\llcorner}{-|\langle\omega}-----\frac{\{||}{0_{2\Omega\rangle}}- 21\prime\prime’|’’,|.\underline{.|\mathrm{i}^{1}|}$
5: Mean streamwise velocity (a)and mean-absolute-vorticity (b)of the flows shown
in Fig. 3. (thin dotted: basic flow $(\Omega=0),$ $\mathrm{g}$ray dashed: $2\mathrm{D}$ steady solution $(\Omega=1/160)$ ,
gray solid: $2\mathrm{D}$ periodic solution $(\Omega=1/90)$ , thick dashed: TW solution $(\Omega=1/30)$ , thick
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6: Vortical structure in the y-z plane. (a): $2\mathrm{D}$ steady solution $(\Omega=1/160),$ (b): $2\mathrm{D}$ pe-
riodic solution $(\Omega=1/90),$ $(\mathrm{c})$ : TW solution $(\Omega=1/30)$ . (thin solid (dashed) line: contour




$(L_{x}, L_{z})=(2\pi, \pi),$ $(2\pi, 1.5\pi),$ $(2\pi, 2\pi)$ $z$ ,
. 7, 8 , $Re=300,3$50
$\beta=2,4$/3,1 . ,
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$\Omega=0.01$ $\Omega=0.04$ $\Omega=0.08$ $\Omega=0.1$








$\Omega_{-}--0.01$ $\Omega=0.04$ $\Omega=0.08$ $\Omega=0.1$
$\text{ }8$ : Vortical structures of some periodic-box sizes for $Re=350$ . (gray : $\omega_{x}>0$ , black :
$\omega_{x}<0)$
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